Quantitative characterization of the product oils (boiling range of 50° to 250°C) generated from Fischer-Tropsch catalyst studies was accomplished using a dual capillary column gas chromatographic system. The procedure used parallel-mounted bonded-liquid-phase capillary columns of different polarities. Component identification by retention indices was column specific and structurally relatable. De tector response determinations by the addition of known weights of pure compounds allowed for the calculation of sample mass balance. A comparison of the chromatographic and infrared spectroscopic results is presented. The weight percent determination, according to carbon number and species, is unique to chromatographic analysis.
Introduction
The application of capillary gas chromatography as a routine analytical procedure for the characterization of the light oil frac tion (boiling range of 50° to 250°C) generated from FischerTropsch (FT) catalyst studies is the subject of this report (1) .
At the Pittsburgh Energy Technology Center (PETC), a chro matographic system has been assembled to give quantitative in formation on the carbon number distribution and also structural classification data within a given carbon number range on the light oil samples from FT studies. The chromatographic system provides analytical support for the ongoing catalyst and reactor research at the Center.
The light oil samples produced from FT studies may contain various organic species, namely, hydrocarbons (paraffins, ole fins, and aromatics), alcohols, esters, and carboxylic acids in varying concentrations. Many factors contribute to composition and component distribution within a product oil, not the least of which is the catalyst employed. This report presents quantita tive chromatographic results on product oils generated under selected catalyst and reactor conditions. It demonstrates the agreement of the chromatographic data with an independent *Author to whom all correspondence should be addressed.
method of analysis (infrared spectroscopy), and details the tech niques employed in calculating a sample mass balance from the chromatographic data.
Experimental Chromatograph, columns, and conditions
The chromatograph used for all analyses was a Model 5730 (Hewlett-Packard) equipped with capillary column capability and a "dual" flame ionization detector (FID). The chromato graphic system used two fused silica capillary columns with bonded-liquid phases SE-30 and OV-17. The SE-30 phase is a nonpolar methyl silicone liquid, while the OV-17 is a semipolar phenyl silicone liquid phase. Table I lists the chromatographic column particulars, along with gas flows and analysis conditions. Both columns were mounted in the same injector, and the system was operated in the "split" mode of injection. The effluents from each column were monitored by the dual FID operated as two single detectors. This was feasible under temperatureprogramming conditions because of the stability (negligible bleed) of the bonded-liquid phases. Thus, when a sample was injected, two chromatograms were generated; one from the SE-30 column, and one from the OV-17 column.
Data acquisition and reduction were accomplished using a Model 3354 Laboratory Automation System (LAS) (HewlettPackard). Computer programs have been written that can pro cess a maximum of 250 chromatographic peaks per analysis per column. The programs assign retention indices to the peaks, designate species name or structural class by indices, calculate weight percent hydrocarbon or oxygenated species, and report these results according to carbon number.
Component identification
A retention index (RI) system was adopted for component identification based on the retention times of the normal alkanes different index on each column reinforces the analytical interpre tation of the chromatographic data. Additional RI data are listed in Table II . 
Quantitative analysis
Quantitative results were obtained from the chromatographic data by the determination of a "weight to peak area" relation ship. This relationship allowed a sample mass balance (yield) to be calculated from the chromatographic data. The procedure chosen to establish this relationship was the addition of known weights of pure hydrocarbons to a known weight of the light oil sample. No effort was made to select additions that were unique to the sample matrix. Two chromatographic analyses were then required: (1) the neat sample, and (2) the sample plus the additions. The net peak area of the additions, and their (weight percent/net peak area) relationships were calculated from the respective data set for each column.
In the interest of clarity and brevity, during the follow ing explanation of the calculation procedure, only the data from the SE-30 column will be addressed. However, the same procedure is used for the OV-17 column. matogram to its counterpart in the sample-plus-addition chro matogram. Thus, the mean ratio accounts for differences in the amount of sample injected to generate the two chroma tograms. The net peak area due to each addition is calcu lated using the mean ratio and the peak areas from the two chromatograms at the retention indices of the additions (col umn 7). For each pure compound added, a conversion factor (CF) was calculated from the net peak area of the added com ponent and its known weight percent (column 8). Dietz has shown that the CFs will be the same (within experimental limits of ± 10% of their mean) for all hydrocarbons in the sample (3) . If the CFs were within the ± 10% limit, the mean value was used to convert hydrocarbon peak areas to weight percent hydrocarbon. If the CFs are outside the ± 10% limit, experience indicates that nonsystematic errors prevail. Using three hydrocarbon additions of differing molecular weights and having the carbon number range of the additions fall within the carbon number range of the sample provided a regular internal check on splitter linearity.
Peak areas of oxygenated species cannot be converted to weight percent using the CF for hydrocarbons. The relationship between the CF for hydrocarbons and the CF for oxygenated components was determined experimentally. This relationship is component and system specific. "Multipliers" were established experimentally for adjusting the hydrocarbon CF to the CF for selected oxygenated species. The multipliers for the primary al cohols are listed in Table IV . For example, two times the hydro carbon CF yields the CF needed to adjust the peak area due to ethanol to weight percent ethanol.
The sample mass balance (yield) was calculated from the re tention indices that classify species and from the CFs for con verting peak area information to weight percent values.
Sample history
The samples discussed in this report were generated using a co- 
Analytical Results
The overall performance of the chromatographic system and analytical procedure can be assessed by evaluating the following:
(A) the sample mass balance values generated from real samples;
(B) the agreement of the normalized quantitative chromato graphic data between columns; and (C) the agreement of the quantitative chromatographic data with those obtained using an independent method (infrared spectroscopy) of analysis (5).
Sample mass balance values for six light oil samples, as cal culated for each chromatographic column, are listed in Table V .
The system mean and the standard deviation reflect the uncer tainties resulting from such factors as determining the net peak area for each added compound, weighings, the inlet splitter per formance, sample injection, and baseline stability. The overall system mass balance result of 101.1 ± 7.0% is acceptable when dealing with samples that generate hundreds of peaks and con tain hydrocarbons and oxygenated species from C 5 through C 2 5 in carbon number.
The convention used by the authors in reporting weight per cent values for the alcohols and for the cis and trans isomers of the normal 2-enes will be described before discussing the agreement of the chromatographic results between the two col umns. As previously mentioned, when a particular component has different retention indices on the SE-30 and OV-17 liquid phases, this fact aids in the interpretation of the analytical data.
Retention indices for the primary alcohols on each column, together with the weight percent values as calculated from their respective peak areas, are presented in umn's weight percent data base was as previously described.
The data show that all the trans isomers of the 2-enes from C 1 3 and higher co-elute with the normal alkanes on the SE-30 col umn. This was not true of the trans isomers on the OV-17 col umn. Therefore, the weight percent values of the above-mentioned isomers from C 13 and higher were assigned from the OV-17 data.
When the adjustment of each column's data base was made, the normal alkane weight percent data from the SE-30 column were corrected for the co-eluting trans isomers of the 2-enes of C 1 3 and higher. Thus, the order of designating species from the RI and weight percent data must be determined by the analyst after evaluating the matrix of the analyzed sample.
The convention, as outlined for the alcohols and for the cis and trans isomers of the normal 2-enes, can be generalized as follows: any component that exhibited different RIs on the two liquid phases (> 5 index units) was assigned the lower calculated weight percent value irrespective of column, and each column's data base was then adjusted to reflect this assignment.
The results, in weight percent for a given structural class, obtained from analyzing four light oil samples are presented in Table VIII 
Conclusions
The applicability of capillary gas chromatography to the characterization of product oils from FT studies has been demonstrated. 
